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pass into the bore of the body 19 and foW 
upWardlypast the Walve element 20. 
An elongate tubular Seat element or Valve Sleeve 

22isslidably mounted Withinthe bore of the b0dy 
10 and has its upper portion Slidably engaging 
the reduced portion 14 of the bore so as to be 
guided in its wertical mOVement. The loWer end 
of the sleeve 22 is fared outWardly,as ShOWn at 
23,and a,guide collar 24 Surrounds this 10Wer 
end. The lower portion of the bore of the guide 
collar is fiared OutWardly So as to be COmple? 
mentary to the fiared Outer Surface 0f the sleeWe 
and Said Collar has a tight fit 0n the SleeVe. AS 
is clearly Shown in Figure 4,the guide collar 24 
is formed With a plurality of Vertical receSSes Or 
notChes 25 Which are located in its peripheral 
portion and Said openings permit a,free flow of 
fiuid past Said Collar. The periphery of the collar 
has a diametersubstantialy equal to the bore 11 
of the body 10 so aS to have a Sliding fit therein. 
A plurality of packing rings 26,Which are 

preferably of the cheVron type,Surround the up? 
per portion of the tubular sleeve 22,the upper 
most packing ring abutting the Shoulder 16,The 
lOWerm0st paCKing ring reSts on a ring 21 Which 
has its Outer peripheral edge abutting the Shoul 
der lT and,manifestly,the Space betWeenthering 
2T and the shoulder f6 forms a packing chamber 
Which reCeives Said ringS. A COiled Spring 28Sur? 
rounds the tubular SleeVe 22 and hasitsupperend 
engaging the underside 0f the ring 2},While its 
lower end engages the top of the guide Collar 
24. The Spring eXerts its preSSure to Constantly 
urge the valye Sleeve 22 downWardly tOWard the 
Walve pin orelement 26. 
The lower end of the bore 22a of the sleeve 

22 is formed With an annular Valve seat 29 and, 
When the Sleeve 22 is in its 10Wermost position, 
Said Seat is engaging the Conical Surface 20' of 
the Valve member,as is clearly shown in Figure 
2. In this p0Sition,any floW upWardly through 
the paSSages f3 Of the plug 12 from beloW the 
aSSembly is prevented from fioWing upWardly 
through the bore of the sleeve 22 and then 
through the tubular mandrei 19 Of the running 
tool A. However,when the valve sleeve 22 is 
lifted of of the pin 26,a fiow may occur through 
the SleeWe 22 and upWardly intO the tubing aboVe 
the runningtool A. 
AS eXplained,any Suitable tool may be Connect 

ed with the upper portion of the body fü,Where 
by the device may be lowered and raised within 
the Wel tubing or ConductOr B. HOWever,it is 
preferable to employ the t0ol A,Which is dis 
ClOSed in the draWing and Which is Similar to 
the running tool Shown in the H. C. Otis Patent 
No.1,972,791,issued September14,1934. Thistool 
includes the tubular mandrel f9 Which has the 
upper portion of its outer Surface Substantially 
Cylindrical,Whereby a Slip Supp0rting sleeve 33° 
may be slidably mounted thereon. The sleeve 
is formed With an OutWardly direCted,8nnular 
flange 3 at its upper end and an external Collar 
32 is preferably made integral with its loWer end. 
The Collar has a plurality of radial Slots 33 
therein,Which Slots are Spaced equidistant there 
around and the Upper ends of gripping elementS 
34 are inserted Within the SlotS. A retaining ring 
35 which Surrounds the Collar prevents outWard 
displacement of the element8 from Said SlotS,T 
Manifestly,the gripping elements are SuSpended 
from the sleeve 3? and are m0Vable with rela? 
tion to the mandrel. For limiting the mOVernen? 
of the Sleeve 0n the mandre?,the latter is formed 
with an external flange 36,preferably integral 
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therewith, This flange is slotted to permit the 
gripping elements34to extend therethrough and 
a confining ring37 surrounds the flange and COn? 
finesthe elementswithinthe Slots there0f,Where 
by said gripping elements are retained in close 
proximity to the outer surface of the mandrel. 
Immediately below the flange 36,the Surface 

of the mandrelis fared or inclined outWardly t0 
form a slip-expanding portion 38. Each grip? 
ping element 34includes an arcuate Slip 39 at its 
1ower end and the inner surfaces of the SlipS 
engage and ride upon the inclined Surface 38 
of the mandrel. The outer surface of each slip 
is provided with gripping teeth which are 
adapted to engage the inner Wall of the Well 
tubing B to prevent upward displacement or 
movement of the Slip and mandrel,When the 
slips39 are at the upper end of the inclined por? 
tion38 and immediately below the flange 36,they 
are retracted and out of engagement With the 
Wall of the tubing B; however,movement of the 
slips downwardly with relation to the mandrel 
19 causes the outWard radial movement thereof 
to the position shown in Figure 2,Whereby Said 
Slips engage the tubing Wall t0 hold the mandrel 
in position. 
Below the Slip-eXpanding or inclined Surface 

38,the mandrel is formed With a reduced Shank 
19a,whereby an external annular Shoulder 40 
is provided. A plurality of elastic packing Cups 
41 Surround the Shank,being Spaced from each 
other by Suitable Spacing collars or rings 42. 
The uppermost Cup abuts the Shoulder 40 and 
the cups and spacers are retained on the Shank 
by a retaining Collar 43 Which is threaded onto 
the loWer end of Said shank,The extreme lower 
end Of the Shank threadS into the Counter-bore 
18 of the body 19,as is clearly Shown in Figure 
3. Normally,there is a clearance betWeen the 
Cups and the Wall of the tubing B,but when the 
device is Set Within Said tubing,as will be ex 
plained,the Well fiuid preSSure"below the device 
acts UpWardly against the packing Cups ? to 
deform the Same int0 Sealing engagement With 
the Wall of the Well tubing,whereby the an 
nular Space betWeen Said tubing and the mandrel 
is Sealed of. 

In loWering the aSSembly int0 the Well tubing, 
B,a Suitable loWering device (not ShoWn) is 
Connected to the upper end of the mandre1 19 
by means of Sheer pins(not ShoWn) or other re 
leaSable meanS,Which extend through openings 
4? provided for this purpose,The assembly is 
thus SuSpended from the lowering device which 
is attached to a cable orwire line,and the lower 
ing iS Contained until the depth at which it is 
desired to Set the assembly is reached. During 
the lowering operation,the slips 39 merely ride 
on the Surface of the tubing Wall but do not 
take hold as the mandrel is constantly moving 
ahead of Said Slips. Before iowering the as 
sembly,the well control devices which may in 
clude a Surface choke C,at the surface of the 
well tubing B have been closed to shut of any 
fiOW thrOugh the tubing and,therefore,the as 
Sembly moveS dOWnWardly through the fluid 
Which might be Standing in the well,the pres 
Sures aCrOSS Said device or aSSembly being equal 
ized. The packing Cups 4 are in a normal un 
distorted pOSition Whereby there is a clearance 
between Said cups and the tubing wall to permit 
by-passing of the well fuid within the tubing 
around the aSSembly as it is lowered there 
through,In order to Set the assembly within 

* the tubing B,an upWard pul is exerted on the 
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mandre119 by means of the lowering device(not 
shown). Such upward movement of the man? 
drel causes the free riding slips 39 to be moved 
outwardly by the inclined surface 38,whereby 
theslip teeth engage the tubing wall. Repeated 
upwardjarring tendsto more firmly Set the SlipS 
and such upward jarring also shears the pins 
(not shown)which extend through the Openings 
44in the mandrel,after which the lowering de? 
vice is removed from the tubing. It is pointed 
out that the device could be Set in other WayS,aS 
for example,by connecting the loWering meanS 
to the slip collar 30 andjarring downWardly. 
Since the preSSure is equalized aCrOSS the aS? 

sembly during the lowering thereof,it will be 
manifest that the Coiled Spring 28 urgeS and 
holds the Valve sleeve 22 in its lowermOSt p0? 
sition,as Shown in Figure 2,Whereby the Seat 
29 at the lower end of Said Sleeve is engaged 
with the Valve pin 20 to prevent a flow through 
the assembly,After the Slips 39 have been Set, 
the Surface choke C is opened to permit the Well 
fiuid to flow upWardly through the tubing,AS 
Soon as this flow starts,the packing Cups 41 are 
deformed by the well fluid preSSure into Sealing, 
engagement With the Well tubing. The fluid 
preSSure may also act againSt the aSSembly to 
urge the mandrel 19 upWardly and thereby 
further tighten the gripping engagement of the 
Slips 39 With the tubing B. 
The pressure within the tubing B above the 

aSSembly is, of Course,acting dOWnwardly on the 
upper end of the tubular valve sleeve 22. This 
doWnWardly acting preSSure is urging the SleeVe 
to its 10Wermost p0sition and is aided by the 
compression of the Spring 28,The lower end of 
the Sleeve 22 is exposed to the preSSure of the 
wel1 fuid below the aSSembly,Which preSSure is 
Substantially the b0ttom hole preSSure of the 
well,When the deVice is firSt Set Within the 
weil and the preSSures aCroSS the aSSembly are 
equalized,the Spring 28 Serves to hold the Valve 
sleeve 221owered,whereby the bore of Said sleeve 
is ClOSed by the Valve pin. When the Surface 
Controls are Opened to permit a flOW from the 
upper end of the tubing B,this flow Will result 
in a reduction of the preSSure in the tubing abOve 
the aSSembly and Since this preSSure is acting 
upon the upper efective CrOSS-Sectional area of 
the sleeve 22,it will be manifest that the pres 
sure,which is resisting the bottom hole wel1 
preSSure,is 1OWered. AS SOOn aS this preSSure is 
1owered to a point where the bottom hole pres 
Sure acting against the underside of the sleeve 
22 is sufficient to overcome the Same,plus the 
compreSSion of the Spring 28,the sleeve 22 is 
moved upwardly,Whereby the valve seat 29 is 
disengaged frOm the Valve·pin 20,AS S00n aS 
this occurs,the Well fiuid entering the bore 11 
of the body through the passages 13 in the plug 
12,flows upwardly through the bore 22a of the 
Sleeve and then through the tubular mandre1 19 
and into the tubing above the aSSembly. A re? 
verSal of preSSures Will Cause the Valve to Seat; 
however,the prime object of the invention is 
to regulate upward flow while the valve is open. 
In this form of the invention the efective 

cross-Sectional area of the sleeve 22,Which is 
exposed to the fluid pressure in the tubing above 
Said Sleeve,iS Substantially the Same as the efeC 
tive CrOSS-sectional area which is expoSed t0 the 
bottom hole fluid pressure below Said Sleeve. 
Thus the Spring 28 playS an important part in 
closing the valve,or as will be hereinafter ex 
plained,in urging the Valve Sleeve 22 tOWard itS 
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closure pin 29 to regulate the flow through the 
valve,The spring may be compressed to exert 
a predetermined expansive force and thus hold 
the valvesleeve closed untilits expansive force is 
OVerC0I16, 
For example,if the spring 28 was compressed 

so that its expansive force acting downwardly 
through the medium of the valve sleeve 22,WaS 
equal to a downward pressure of 1200 lbs,per 
sq,in.,acting downwardly on the Sleeve,and if 
there wasa fluid pressure of 8001bs. per Sq in, 
in thetubing andregulatorabove Said Valyeact 
ing downwardly thereon,then a bottom hole 
pressure slightly more than 20001bs. per sq… in., 
acting upwardly against the valve,Would be re 
quiredto openit. 
From the foregoing,it will be seen that While 

the expansive force imposed upon the Sleeve 22 
bythe spring 28 determines the pressure difer 
ential under which the valve opens,and operates 
while open,it does not determine the preSSure 
from below whichis necessaryto open the Valve. 
However,this expansive force CO?acting with 
the downward fuidpressure exerted onthe Sleeve 
controls the operation of Said sleeve valve It is 
of course necessaryto maintain a preSSure difer 
entialto hold the valve open,and because of the 
spring the sleeve is under automatic reguation 
while?the well fluid is flowing upwardly there? 
through,thus maintaining a fixed preSSure drop 
acroSSSaid SleeWe. 
Tóisobviousthat the compression of the Spring 

28 determines the pressure diferential,aCrOSS 
the valve,at which the regulator operateS. The 
compression of the Spring 28 may be Varied by 
changing the thickness of the ring 21,and rings 
of diferent thickness may be provided for this 
purpoSe. 

It will be observed that as the sleeve 22 moves 
upward to openthe valve,the spring28will ofer 
increasing resistance and Will be further COm 
pressed. The flow through the valve will be 
controlled by the co-acting faces of the Valve 
seat 29 and the conical portion 20' of the pin 
20,Thus,the valve sleeve will automaticaly 
adjust itself to varying rates of fow upWardly 
through the tubing B. However,in co?action 
with the surface control C,the regulator Will 
maintain substantially a fixed diferential Or 
pressure drop thereacross,under normal fow 
ing conditions,regardless of the rate of floW. 
The maintenance of a substantially fixed pres 

sure drop across the assembly aSSures that the 
well fluids are delivered to the Surface at a pre? 
determined pressure,which is suficiently low t0 
permit surface regulation,by means of the Sur 
face choke C,without danger of freezing. T0 
further explain,aSSuming the well fuids are 
delivered to the Surface at 1000 pounds preSSure 
at a predetermined rate of flow,thenif the Sur 
face choke C is regulated to reduce the rate 
of flow,a change in preSSure conditions in the 
tubing above the regulator aSSembly occurs,and 
the sleeve 22 automaticaly adjusts itSelf to re? 
strict the flow therethrough So as to maintain 
the predetermined pressure drop thereacross, 
With the reSult that the Well fluids are COntinu 
ously delivered to the surface at a predetermined 
reduced pressure. Thus,regardless of the rate 
of WithdraWal of the Wel1 fluids under normal 
flowing c0nditionS,the preSSure at Which the 
fiuids are delivered to the Surface is maintained 
Suficiently10w to obviatefreezing. 
Since the aSSembly is Set Within the lower end 

of the well,advantage is taken of the relatively 
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high subsurface temperatures,whereby freezing 
at the assembly due to the eXpanding gas is pre? 
cluded. The device may be quickly loWered intO 
the wel1 tubing and set at any desired point 
therein,being capable of being run in under pres 
Sure0ntheflexible line Or Cable. 
The removal of the entire aSSembly may b6 

accomplished at any time by merely lowering a 
suitable removing device (not ShOWn) and en? 
gaging the same beneath the shoulder3 on the 
slip-carrying sleeve 36. The lowering tool may 
include a jar so that the mandrel may be jarred 
downwardly with relation to the slips to release 
the latter. The Wire line and t001 are then 
raised,whereby the sleeve 3? and the gripping 
elements 34 are raised With relation t0 the man? 
drel,The slips move UpWardly On the inclined 
portion38 untilthey abut the extending Shoulder 
36 on the mandrel,In this p0sitiOn,the Slips are 
retracted and a continued upward movement Will 
result in the removal of the assembly from the 
Well tubing. From the foregoing,it Will be Seen 
that the device may be readily run into and 
removed from the Well tubing by means of a 
Wire 1ine 0r Cable. 

It has beenfoundthat undersOme conditionsit 
is necessary to drop the preSSure acrOSS the regu? 
1ator in excess of 1500 pounds per Square inch. 
When these high preSSure drops are neceSSary,it 
is not partiCularly practical to efect this rela? 
tively high drop across a single regulator be? 
cause the velocity of the flow is increased tO 
the extent that damage to the assembly may 
result due to cutting action of abraSives preS? 
ent in the flowing fluid,In these instances,it 
is desirable that more than one regulator be 
employed,In Such case,as is clearly ShOWn in 
Figure 12,one regulator R is set near the lower 
end or bottom of the Well and a Second regula? 
t0r R is mounted Within the tubing at a dis? 
tancespaced from thefirstregulator. The lower? 
most regulator R may beset to drop the preSSure 
acrossits assembly So that Such drop is betWeen 
750 and 1000 pounds,The second R1 may then 
additionallydrop the pressureanother750to 1000 
pounds,and,in this manner,the Wel1 fuids are 
delivered at the Surface at the required pres 
Sure Without placing undue strain Or Wear On 
the regulating devices. It is noted that the pre 
determined preSSure drop,for Which each regu 
1ator is adjusted,is maintained thereacross,re 
gardless of the rate of?withdrawal of the well 
fuids. Thus,each regulator carries its portion 
0f the 10ad Which is evenly distributed therebe 
tween. Due to the Critical flow of gases,a con 
Stant preSSure drop Cannot be maintained aCrOSS 
each of a Series of bott0m hole chokes,which 
have fixed fiOW OrificeS,beCause a change in the 
rate 0f WithdraWal of the Well fuids results in 
a change in such pressure drop,with the result 
that one of Said chokes must Carry the greater 
portion of the load. The Variable regulator,illus 
trated herein,makesit possible to employa Series 
of regulators with each maintaining its prede 
termined pressure drop underall flow conditions. 

It is Within the Scope of the invention to hawe 
either or both of the Valve members movable. 
In FigureS 6 to 11 inclusive We have illustrated 
another form of the invention. In this form an 
elongate cylindrical body 50 is provided with a 
bore 5 extending therethrough, 
The upper end 0f the b0re 51 is reduced,asin 

dicated at 52,and immediately below the reduced 
portion an ofset 53 is provided,whereby an in 
ternal,annular sh0ulder 54 is formed within the 
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10 - 
bore of the body,Below the ofset portion 53, 
a second and Smaller shoulder 55 is provided. 
The upper end of the body is counter-bored at 
56 and the counterbore has internal screw 
threads,whereby the loWer end of a tubular 
mandrel 19 of the running tool A may be con 
nected with the body. 
The lower end of the bore 51 is provided with 

internal SCrew threads 58,and a thimble or collar 
59 is threaded into the b0re,Immediately above 
the threaded portion of the bore,the body 50 
has a plurality of radial openings 60 extending 
therethrough,Whereby communication is estab 
Iished betWeen the bore of the body 5? and the 
interior of the Welltubing B. 
A bore 61 extends axially through the thimble 

59 and has its upper end bevelled inwardly to 
form an annular Shoulder or Stop 62,The 1ower 
end Of the b0re 61 is provided With Screw threads 
which receive a plug 63. The plug has an axial 
opening 64 extending therethrough and,as is 
Clearly Shown in Figures 7 and 8,this opening is 
Of a Smaller diameter than the diameter of the 
bore 61,A Valve element or plunger 65isslid 
ably mOunted within the b0re 61 and within the 
0pening 64 Of the plug 63,the Iower end of Said 
element being of Substantially thesame diameter 
as the Opening 64,whereby the element isguided 
in its vertica1 movement. The upper portion of 
the Valve element 65 is formed with an integral 
fiange 66 and the upper surface of said fange 
is bevelled or inclined,asshown at 67. Thisin 
Cline or bevelis complementaryto theinclination 
Of the Shoulder 62 whereby when the valve ele 
ment is inits raised position,asshown in Figure 
7,Said bevelled surface engages the shoulder to 
1imit the upward movement of the valve element. 
A C0mpreSSiOn Spring 68 surroundsthe valve ele 
ment 65 and is confined within the bore 61,the 
Upper end Of Said Spring engaging beneath the 
flange 66 on Said valve element. The 1ower end 
Of the Spring rests on the upper end of the plug 
63 and,manifestly,the Spring exerts its force 
to constantly urge the valve element toits upper 
moSt position. - 
When the Valve element is in its uppermost 

pOSitiOn,as Shown in Figure 7,its upper end pro 
jectS from the upper end of the bore 61 and 
abOve the lateral ports or openings 60 in the wall 
of the b0dy 50. The extreme upper end of the 
Valve element is bevelled to provide an annular 
Seatingsurface 69? 
An elongate,tubular valve sleeve 71 isslidably 

mounted within the bore of the body50 and has 
its upper portion slidable in the reduced portion 
52 of the bore so as to be guided in its vertical 
mOvement. The lower end of the sleeve 71 is 
formed With an annular boss72,and a guide ring 
73 Surrounds this boss. The upper portion of the 
bore of the guide ring isreducedin diameterso as 
tO engage Over the boss 2 of the sleeve and said 
ring has a tight fit on Said boss. The guide ring 
T3 has a plurality of vertica1grooves or recesses? 
14 formed in its outer periphery and said open 
ings permit a free flow of fluid past the same. 
The periphery of the ring has a diameter sub 
Stantialy equal to the bore 5! of the body 50, 
Whereby it hasa Slidingfit therein. 
A plurality of packing rings 75,whichare pref 

erably of the Chevron type,surround the upper 
portion of the tubular sleeve 71,the uppermost 
packing ring abutting the Shoulder 54. The low 
ermOSt packing ring rests on a follower ring T6 
Which has its outer peripheral edge abutting the 
Shoulder55and manifestly,the space betweenthe 



2,592,325 
11 

ring 16 and the Shoulder 54 forms a packing 
chamber which receives the packing ringS 5. A 
coiled spring 77 Surrounds the tubular sleeve ?? 
and hasits upper end engaging the underside Of 
the ring.76,while its lower end engages the top 
of the guide collar 73. The Spring being under 
compression tends to expand and exertS itS f0rCe 
to constantly urge the valve sleeve T downWardly 
towards the Valve element 65. DOWnWard mOVe? 
ment of the tubular valve sleeve 7t within the 
bore 51 is limited by a plurality of upStanding 
stop 1ugs or projections 78,Which eXtend Up 
wardlyfrom the upper end of the collar 59 which 
houses the valve element 65,AS ShOWn,theSe 
1ugs have their upper Surfaces terminating in 
substantially the Same plane aS the top of the 
1ateral ports or openings 60 in the Wall of the 
body 50,but below the bevelled Seating Surface 
69 of the valve element 65,whereby When Said 
element is in its normal position engaging the 
Shoulder,the sleeve engages the Seating Sur? 
face 69 of the valve element and is held ab0Ve 
thestop lugs. Thus the Sleeve Will alwayS engage 
said Seat to Shut of fiOW therethrOUgh before en? 
gaging the lugs. The provision of the StOp lugS 
78 makes it impossible for the Valve SleeVe t0 
move downwardly into engagement With the tOp 
0f the collar 59,Which is belOW the lateral p0rtS 
or openingS60. 
The lower end of the bore T1a of the sleeve 11 

is provided with an annular Valve Seat 19 and 
when the parts are in the position ShCWn in Fig? 
ure 6,Said Seat is engaging the beveiled SurfaCe 
69 on the valve element 65,whereby any fow 
through the valve Sieeve T1 is prevented,When 
the parts are in the position Shown in Figure 7, 
with the Valve sleeve lifted of of the ValVe mem? 
ber 65,an upward flow offuid may occur through 
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being aided by the force of the Spring T1. The 
1ower end of the sleeve 7 is exposed to the 
pressure of the well fluid below the aSSembly 
through the ports 60 in the Wall of the body 50 
and this pressure is the pressure within the 
well at the elevation at Which the device is Set, 
When the device is first Set within the Well and 
the preSSure across the aSSembly is equalized,the 
spring 77 holds the valve sleeve lowered,Where 
by the bore of Said Sleeve is closed by the Walye 
element 65. In Such position,the Sleeve may 
have moved the Valve element downWardly a 
slight distance within the bore 61 of the thimble 
53 Since the Spring T is of greater Strength than 
the Spring 68 which acts to urge the valve ele 
ment upwardly. When the Surface controls are 
opened to permit a flow from the upper end Of 
the tubing B,this flow will result in a reduc? 
tion of the preSSure in the tubing ab0Ve the aS? 
Sembly which is acting upon the upper efeC 
tive cross-Sectional area of the Sleeve T1,AS 
Soon as this pressure aboye the aSSembly is 
1owered to a point where the preSSure acting 
against the underside of the Sleeve T is Suf? 
ficient to overcome the pressure thereabove,plus 
the force of the Spring TT,the Sleeve T1 is moved 
upwardly,whereby the Walve Seat T9 is diS 
engaged from the Valve element 65,Of COurse, 
upon initial movement of the Sleeve Tl in an 
upWard direction,the Valve element mOWes up? 
Wardly until the bevelled Shoulder 67 engageS 
the Shoulder or stop 62 within the bore 6 and 
when this occurs,further upward movement 

,0f the element is prevented. 

the ports 60 and then upwardly through the bore ? 
71a of the Sleeve T1. When the partS are in the 
position Shown in Figure 8,With the SleeWe reSt 
ing on the Stop lugs 18,the Valve element 65 may 
be moved dOVnVardly Within the bore 6 tO per? 
mit a,flow downWardly through the bore T1d Of 
the Sleeve 1 and then OutWardly through the 
portS 60. 
The body50 aiSO hasa Screw threaded Counter 

bore 56 in itS upper end to reCeiVe the reduCed 
Shank 19a of the running t001A,as hereinbefore 
explained. The regulator is p0Sitioned in the 
Same manner aS the form ShOWn in FigureS i tO 
5 inCluSiWe. 

Since the preSSure is equalized acr0SS the aS 
Sembly during the lowering thereof,it Will be 
manifest that the COiled Spring T urgeSand holdS 
the valve sleeve l in its lovermost position in 
engagement With the Upper endS Of the StOp lugS 
T8,as Shown in Figure 6. In Such D0Sition,the 
Valve Seat 9 at the lower end of the SleeVe iS en 
gaged With the bevelled Surface 69 0f the Walve 
element to prevent a fiow through the aSSembly. 
,After the SlipS 39 have been Set,the Surface COn 
nections are Opened to permit a fiOV Of the Well 
fluid upWardly through the tubing,AS SO0n aS 
this flow StartS,the packing CupS 41 are deformed 
by the well fluid preSSure into Sealing engage 
ment With the Well tubing. The fluid preSSUre 
may alSo act against the aSSembly to urge the 
mandrel 19 upwardly and thereby furthertighten 
the gripping engagement of the Slips39 With the 
tubing B. 
The preSSure within the tubing B above the 

assembly is acting doWnWardly on the upper end 
of the tubular Valve SleeVe 71 and this preSSure 
is urging the sleeve to its lowermost position, 
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Assoon as the sleeve 7 moves aWay from the 
upper end of the Valve element 65,the Well fluid 
entering through the lateral ports 60 floWS up? 
Wardly through the bore 71a of the Sleeve 11 
and then through the tubular mandrel 17 and 
into the tubing above the aSSembly. A reverSal 
of preSSures Will cause the Valve to Seat, how 
ever the function of the deVice iS tO regulate 
the upward fiow When the valve is open,as here 
inbefore pointed Out. 

It is noted that the efective CroSS-Sectional 
area of the Sleeve I Whichis exp0Sed to the pres 
Sure in the tubing above the aSSembly is Sub 
Stantially the Same as the efective area Which 
is exposed to the preSSure below the aSSembly. 
Therefore,it Will be obvious that the diferential 
at Which the Valve Sleeve Will be moved up? 
Wardly of of the valve element is Substantially 
Controlled by the CompreSSion of the Coiled 
Spring TT. Thus,by adjusting the compreSsion 
of this Spring,a predetermined preSSure dif 
ferential Will be required to unSeat the Valye Seat 
T9 and permit a fiOW through the device. By 
Varying the compreSSiOn of the Spring TI,it is 
possible to accurately Control the diferential 
necesSary to operate or move the Sleeve T1 and 
thus control the pressure drop across the as 
sembly,It is pointed Out that the adjust 
ment of the spring TT may be readily accom 
plished by merely Changing the thickneSS of the 
ring f6 Which is mounted Within the bore of the 
body 50. Under varying flow and preSSure con 
ditions,it will be seen that the sleeve T will 
automatically adjust itSelf relative t0 the Walwe 
element 65 to Wary the rate of fiOW upWardly 
through the tubing B and to the Surface,but, 
at all times,a fixed diferential or pressure drop 
is maintained aCrOSS the aSSembly,Which drop 
is maintained regardleSS of the rate or yolume 
of floW. The maintenance of a,fixed preSSure 
drop across the aSSembly aSSures that the well 
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fluids are delivered to the Surface at a prede? 
termined reduced pressure,which is suficiently 
low to permit Surface regulation Without danger 
of freezing. 
During the time that the Valve Sleeve iS 

actuated by the pressure diferential there? 
across to control the flow upwardly from the 
formation and through the tubing,the valve 
element 65 is in the position ShoWn in Figure 
7. The preSSure beloW the Va?ve element iS 
urging the Same upwardiy at all times and 
this pressure is greater than the pressure Which 
is acting downWardly against the Valve element, 
because the downWardly acting preSSure is the 
reduced fioWing preSSure Within the tubing abOVe 
the device. Thus,while the Sleeve Tt is regulat? 
ing upward fioW,the pressures across the valve 
element are unbalanced With the greater preS? 
Sure being exerted against the loWer end of 
Said element t0 maintain the Same in a raiSed 
position in engagement With the Shoulder Or 
stop 62,The force of the coiled Spring 68 is, 
of course,added to the pressure below the ele 
ment. Therefore,while the sleeve Tf is func 
tioning to regulate the fioW,the Valve element 
is,in efect,Stationary and does not in any 
Way undergo a movement to aid in the Control 
Of the upWard fiOW. 
On many occaSions,it may become desirable 

to pump fuid downWardy through the tubing 
and through the aSSembly back into the produc 
ing formation. In Such case,it is Only necessary 
t0 Close the SurfaCe Controls at the upper end 
of the tubing,Whereby all flow through the tub 
ing is stopped,When this is done,the preSSure 
above the Sleeve Will build up until Such preSSure 
plus the efective pressure of the Spring will 
move the sleeve downwardly against the pres 
Sure therebelow to the position Shown in Figure 
6. A fluid may then be pumped downWardly 
through the tubing from the Surface and Will 
flow downWardly through the tubular mandrel 1? 
and then through the Sleeve T1,The additional 
preSSure of the pumped fluid will act against 
the upper end of the Walve element 65 and will 
Serve to force Said element downwardly against 
CompreSSion of the Spring 68 t0 the position 
shown in Figure 8. It is noted that the Spring 
68 is relatively light so that it may be readily 
compreSSed Without the neceSSity of employing 
excessive preSSureS. When the element moves 
downwardly,the Sleeve engages the stop lugs 8 
and the fluid may paSS outWardly through the 
1ateral ports or openings 60 in the wall of the 
body 50 and into the formation. Whenever the 
additional pressure of the fuid being pumped 
downwardly through the Well tubing decreaSes 
to a point leSS than the CompreSSiOn of the 
Spring 68,Said Spring immediately moves the 
Valve element upWardly intO engagement With 
the lower end of the Walve Sleeve If to again 
close the bore of Said Sleeve. ThuS,it Will be Seen 
that the provision of the Valve element 65,to 
gether With itSyieldable mounting,makes it p08 
Sible to pump a fluid downWardly through the 
assemblyin a reverse direction. 
?n Figure 11,a Slightly modified form of the 

valve element 65 is shown wherein said element 
is provided with a relatively Small axial passage 
7? which extends vertically therethrough. The 
passage is not Suficiently large to interfere With 
the normal Working or operation of the parts, 
asabove described,and is provided as a pressure 
equalizing passage and also as a means for tak 
ing care of certain conditions which might arise. 
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14 
When the Well is Shut in,due to Closure of the 

Surface connections,it Will be manifest that the 
paSSage ? permits an equalization of preSSureS 
aCross the device. Such equalization of the 
preSSures across the device is desirable in order 
to taClitate remOWal of the aSSembly frOm the 
Well. The paSSage T0 alSO functions t0 prevent 
overloading of the tubing above the aSSembly. 
In Some instanceS,a liquid load may be built Up 
in the tubing above the aSSembly,Whereby the 
parts are moved to a Shut of p0Sition,aS ShOWn 
in Figure 6,and a fiOW through the p0rtS 60 and 
Sleeve 71 from below the aSSembly Cannot ocCur 
until such 1oad is removed. Under such condi? 
tions,the paSSage 6 allOWS the preSSure beloW 
the assembly,which is the full Well pressure,to 
paSS upWardlyinto thetubingthereabove and this 
preSSure actS to lift the liquid and unload the 
tubing,AS S00n aS the liquid load is relieved t0 
predetermined point,the neceSSary diferential iS 
set up acroSS the Valve Sleeve T and Said Sleeve 
is actuated as haS been eXplained. It is pointed 
Out that the paSSage ?0 is not esSential to the 
operation of the device but is desirable under 
Certain COnditions and the prOVision Cf SuCh 
paSSage is Optional. 
The qualification "rate offlow" aS used here 

inis intended to cover the volume and/or velocity 
offlow While one object of the inventiop isto 
eliminate freezing,where freezing is likely to 
occur,there may be wells where the bottom hole 
temperatures are So high that the Well Stream 
may be produced at the Well head Without freez 
ing. HOWever,the amount Of preSSure reduCtion 
at the Well head,through the Surface Controi8, 
Which can be accomplished Without freezing 
where the bottom hole temperatures are high, 
Will depend upOn the Comp0Sition Of the Well 
stream and the uSe of the invention may Vary 
accordingly. In any Well flOW Stream the auto 
matic regulation is of extreme adyantage. 

It is obVious that the arrangement Wherebythe 
regulator may be run into the tubing adjusted 
therein and removed On a Wire line,iS Of great 
advantage aS it does not require lOWering the 
tubinginto the Well Or remOVing the tubing there 
from. HOWever it WOuld be poSSible to have the 
body #0 or 50,connected directly in the well 
tubing,although it WOuld not be nearly So de 
Sirable. 

It is pointed Out that there is a definite Co 
action betWeen the regulatOr and the Surface 
control,AS haS been hereinbefore Stated,an 
adjustment of a SurfaCe COntrol has no ma 
nipulative efect upon a fixed Choke or flow bean 
down in the well tubing. However,when the 
Surface C0ntrol is adjusted and the regulator 
herein Set forth is mounted in the tubing,there 
Will be an autOmatic adjustment in the regulator 
due to the Surface COntrol adjustment,The 
regulatOr efectively reSp0nds to a fiow-regula? 
tion adjustment of the Surface Control,as well as 
fiuid flow Wariations through the regulator. 
AS hereinbefore p0inted Out,the main purp0Se 

of the regulator is to maintain a fixed preSSure 
drop across the upper movable valve member and 
this involves regulation of the Valve While it is 
open and fluidis fioWing. While a predetermined 
pressure diferential is necessary to open the 
valve,such a diferential is also necessary to ob 
tain automatiC regulation While the Valve is open. 
It is also pointed out that by making the Spring 
relatively long,1imited movements of the Valve 
Sleeve,which 0CCur during the automatic Opera 
tion,will Cause little,if any,wariations in the eX? 
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pansive force exerted by the spring. Ehis is 
true because Such movements are relatively 
Slight. 
The foregoing description of the invention is 

explanatory thereof and Various changes in the 
Size,Shape and materials,as well as in the de 
tailS Of theillustrated Construction,may be made, 
Within the Scope of the appended claims,with 
out departing from the sgirit of the invention. 
What We claim and desire to Secure by Letters 

Patent iS: 
1. In a fluid preSSure regulator for the fluids of 

a flOWing Well having tubing therein,the COm 
bination with a Surface controlfor regulating the 
rate of withdrawal of well fuids from the tubing, 
of a body proVided with means for mounting it 
in a Wel1tubing upStream of the Surface Control 
and having a flOW paSSage therethrough,ValVe 
members in the body for Controlling the flow of 
Well fluid thrOugh the paSSage Of Said body at a 
predetermined Substantially Constant preSSure 
reduction,one of Said Valve members being mov? 
able toward and from the Other Valve member, 
and means COnStantly urging Said mOVable Vaive 
member tOWard the Other Valve member tO autO 
matically regulate the fiOW paSt the Valve mem 
bers in reSp0nSe to adjustmentS Of the Sufface 
control to Create and to maintain Said predeter 
mined substantially conStant reduction in the 
pressure of the fluid flowing past Said Valve mem? 
bers,saidother valve member being movable and 
Held normally Stationary by meanS yieldably re 
straining its movement,Said Other Valve member 
being movable by a downward fluid preSSure of 
fluid in the well tubing t0 permit a reverse fiOW 3; 
of fluid through the regulatOr. 
2,A preSSure regulator inCluding,a tubular 

body having meansfor anchOringit in a Well and 
having an axial bore with a port in the body es? 
tablishing communication betWeen Said bore and 
the exterior 0f the b0dy,a Spring loaded Valve 
member mounted Within the body n0rmally urged 
to and held in a predetermined p0Sition,a Valve 
Sleeve Slidably mounted in the bore Of the b0dy 
above the valve member and movable with rela? 
tion to Said member,the Sleeve having its Upper 
end exposed to the fuid preSSure thereabove and 
its lower end exposed to the fluid preSSure there 
below,resilient means urging Said Sleeve tOWard 
the valve member,and Stop means limiting the 
movement ofthe Sleeve tOWard the Valve member, 
theyieldable mounting of the valve member per 
mitting movement of Said member aWay from the 
sleeve by a preSSure from above to allow fuid to 
flow downwardly through the bore of the body 
and outwardly through the port. 
3,A preSSure regulatOr inCluding,a tubular 

b0dy adapted to be anchored in a Weltubing and 
having an axial bore with a lateral port in the 
body establishing Communication between Said 
boreand the exterior of the body,a Spring1caded 
valve member movably mounted in the body ad? 
jacent the lateral port and normally urged to and 
held in a predetermined stationary position,a 
valve sleeve slidably mounted in the bore of the 
body above the valve member and movable with 
relationto saidmember,meansfor limiting down 
ward movement of the valve sleeve So that the 
1ower end of Said Sleeve is ConStantly eXp0Sed t0 
the upstream fluid preSSure,the upper end of 
thesleeve being exposed to the down-stream fuid 
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preSSure Within the tubing above the Said sleeve, 
and means COnStantly urging Said Sleeve toward 
the Valve membert0 regulate flow offluidthrough 
the b0re of the b0dy to create and maintain a 
Substantially ConStant preSSure reduction in the 
fluid fiOWing through the body,the yieldable 
mounting of the Valve member permitting down 
Ward movement of Said member by fluid preSSure 
from above to allow a downWard flow of fluid 
through the body. 

4. A Wel fluid regulatOrinCluding,a b0dy hav 
ing a Wel1fluid inlet and a flow passage upwardly 
therethrOugh from the inlet,means for Securing 
the b0dy in a well tubing,a first valve member 
mOVable in the body,means holding Said member 
nOrmally Stationary in Said body,a Second valve 
member in the b0dy movable toward and from 
the normally Stationary first valve member,and 
yieldable means urging the Second valve member 
tOWard the first Valve memberset to resist move 
ment Of the Second valve member from the first 
Valve member to Create a predetermined pressure 
diferential across the Second valve member and 
t0 autOmatically adjust Said Second valve member 
t0 regulate upward fow between the valve mem 
bers to maintain Said pressure diferential sub 
Stantially COnStant during variations in flow. 

5. A Well fluid flow regulator as set forth in 
Claim 4,With means for arresting movement of 
the Second valve member toward the first valve 
member to permit independent movement of the 
first Valve member away from the second valve 
member. 

6. A Well fluid fiow regulator including,a body 
haVing a fluid flow paSSage therethrough and 
prOVided with means for mounting it in a wel1 
tubing,Spring pressed valve members movable 
With relation to each other,one of said valve 
members being held normally stationary,the 
Othervalve member havingits oppositeendscon 
Stantly exposed to fluid pressuresaboveand below 
it and Set to respond to the diference in fluid 
preSSures above and below it to move toward and 
from the normally stationary valve member to 
regulate fiow through the body to create and 
maintain a Substantialy constant reduction in 
the preSSure offluid flowing throughsaid body. 
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